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Abstract—With the proliferation of online video contents, it is
highly desirable that video streaming systems are able to provide
fast and effective video browsing. However, the predictive coding
techniques adopted in current compression standards such as
MPEG severely complicate these browsing operations. One ap-
proach to achieve browsing functionalities is to store an additional
reverse-encoded bitstream into the server. Unfortunately, this
extra bitstream approximately doubles the storage requirement
of the video server. In this paper, we make use of the redundancy
inherent between the forward and reverse-encoded bitstreams
in order to achieve a substantial reduction on the size of the
reverse-encoded bitstream. A novel macroblock-selection strategy
is then proposed in the server to access and manipulate various
macroblocks from the forward and reverse-encoded bistreams to
facilitate various browsing operations. Experimental results show
that, as compared to the conventional dual-bitstream scheme, the
new scheme significantly alleviates the storage increase due to the
additional reverse-encoded bitstream.
Index Terms—Digital video browsing, digital video cassette
recording (VCR), dual-bitstream scheme, MPEG video, streaming
video.
I. INTRODUCTION
V IDEO streaming applications over the Internet are gainingpopularity in recent years, mainly due to the emergence
of efficient video compression and broadband networking
technologies. Streaming applications such as video-on-demand
allow users to ubiquitously access and retrieve various videos
over the networks by using software players or digital set-top
box devices. However, current video compression standards
[1]–[3] such as MPEG are basically developed for the purposes
of efficient video storage and transmission, not browsing.
Nowadays, video playback devices offer relatively few controls
of video browsing. For example, the video playback devices
usually have limited fast-forward/backward playback flexi-
bilities, or even they cannot provide backward playback. The
Manuscript received January 12, 2007; revised February 25, 2008. This work
is supported in part by the Centre for Multimedia Signal Processing, Department
of Electronic and Information Engineering, Hong Kong Polytechnic University
and in part by a grant from the Research Grants Council of the Hong Kong Spe-
cial Administrative Region, China (PolyU 5125/06E). Tak-Piu Ip acknowledges
the research studentships provided by the University.
The authors are with the Centre for Multimedia Signal Processing, De-
partment of Electronic and Information Engineering, Hong Kong Polytechnic
University, Hung Hom, Kowloon, Hong Kong (e-mail: itbill@gmail.com;
enylchan@polyu.edu.hk; enwcsiu@polyu.edu.hk).
Digital Object Identifier 10.1109/TBC.2008.2000289
limitation is due to the motion-compensated prediction tech-
nique [4], [5] adopted in the MPEG standards. This technique
is mainly designed for normal forward playback. The MPEG
video data are then not invariant to changes in frame order and
this fact makes some video cassette recording (VCR) opera-
tions complicated. Consider, for example, an MPEG encoded
sequence with a simple I-P structure. If the requested frame is
an I-frame, the server only needs to send this frame, and the
decoder can decode it immediately. However, if the requested
frame is a P-frame, the server needs to send all P-frames from
the previous nearest I-frame to form this requested frame.
There have been many techniques proposed in the literature,
that handle the problem of VCR operations. These techniques
can roughly be categorized into two groups by whether the
server needs to store additional bitstreams. The first category
refers to the techniques without storing additional information
in the server. They are designed to manipulate the original
encoded bitstream in order to achieve VCR operations. In [6],
[7], a backward-play transcoder was described to convert a se-
quence with I-/P-frames into another I–P bitstream with reverse
frame order. Although some methods of estimating the reverse
motion vectors for the new I–P bitstream based on the forward
motion vectors of the original I–P bitstream were used to re-
duce the computational complexity of this transcoding process,
they still require much computation. To avoid the transcoding
complexity, we also suggested some compressed-domain tech-
niques [8] by exploring the motion relationship between two
adjacent frames in the server to provide backward playback
over a network. This scheme can successfully reduce the
required network bandwidth and the decoder effort of VCR
requests. Since there is no inter-frame prediction between the
last frame of a Group-of-Pictures (GOP) and the first frame
of its successive GOP, the motion relationship disappears and
thus this technique cannot be applied to GOP boundaries. In
the instant of backward playback across GOP boundaries, the
required complexity of the decoder and the required bandwidth
of the network increase inevitably. Furthermore, the scheme in
[8] is only applicable to backward playback. Huang et al. [9]
investigated a possible binary tree GOP structure so that the
transmission overhead caused by frame dependencies can be
reduced during video browsing. Since this approach modifies
the original bitstream, it affects the coding efficiency of forward
playback. In the second category, additional bitstreams are re-
quired to assist the VCR operations. In [10], a client-server
based video streaming architecture was proposed to allow
discrete speed-up granularity by storing a separate pre-encoded
video bitstream for each speed-up factor. The bitstream with
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suitable temporal resolution, which works according to the
user’s request, is then sent. However, the speed-up granularity
is limited by the number of pre-encoded bitstreams and it forces
all users to rely on the author’s judgment as to speed-up gran-
ularity. Besides, additional storage is unavoidable in the server
as the number of pre-encoded bitstreams increases. Liu et al.
[11] recently proposed to store the forward-encoded bitstream
(FB) and the reverse-encoded bitstream (RB) in the server. The
idea behind is to switch frames between the FB and the RB in
order to minimize the transmitted frames over a network for any
speed-up factor. This dual-bitstream scheme can alleviate the
decoder complexity while maintaining the low network band-
width requirement on VCR operations. However, extra storage
is required to store the extra RB. The contribution of this paper
is to reduce the size of the RB in the dual-bitstream scheme.
In the proposed scheme, a simplified RB is designed to reuse
some macroblock (MB) data from the FB by exploiting their
redundancy. We then propose a novel MB-selection strategy to
adaptively select the appropriate MBs from the two bitstreams.
Note that this proposed scheme belongs to the second category.
The organization of this paper is as follows. Section II of this
paper reviews the dual-bitstream scheme. The proposed simpli-
fied RB and MB-selection strategy used in the dual-bitstream
video streaming system are then described in Sections III
and IV, respectively. Experimental results are presented in
Section V. Finally, some concluding remarks are provided in
Section VI.
II. DUAL-BITSTREAM MPEG VIDEO STREAMING SYSTEM
In order to facilitate different VCR trick modes of the MPEG
video streaming system, a dual-bitstream technique was pro-
posed in [11] which adds a RB in the server in addition to the
traditional FB. The generation of the RB can simply be done by
encoding the video sequence in reverse order. Fig. 1 shows an
illustrative example of the FB and RB in which the sequence is
coded in I-/P-frames with a GOP size of 14 frames. Note that
I-frames in the RB are interleaved between I-frames in the FB.
Since B-frames are not used as references for later frames, and
are not needed to be sent over the network or decoded by the
decoder, for the sake of simplicity, we focus our discussions on
the case that the video stream contains I- and P-frames only.
With the help of RB, when the client requests the backward-play
mode, the server will send the bits from the RB. After the server
receives requests on fast-forward/backward and random access
modes, the server uses the frame-selection strategy to determine
which frames in either the FB or RB should be transmitted to
the client by minimizing the cost using bitstream switching. If
the requested frame is a P-frame, the frame-selection strategy
measures (i) the cost of decoding the next requested P-frame
from the current displayed frame , (ii) the cost of de-
coding the next requested P-frame from the nearest I-frame in
the FB , and (iii) the cost of decoding the next re-
quested P-frame from the nearest I-frame in the RB .
In [11], the “cost” means the number of required frames to be
sent over the network. Based on , , and ,
the least cost should be selected to initiate the decoding. The
frame-selection strategy may switch from the FB to the RB and
vice versa. In other words, it determines which bitstream should
be selected next and its decoding direction. To illustrate the
scheme, let us make use of the structure of dual bitstreams in
Fig. 1. Assume that the previous mode was in the normal for-
ward play at frame 20 and the requested mode is fast-backward
playback with a speed-up factor of 6. This operation requires to
display frames 14, 8, etc. If the requested frame is an I-frame
in one of two bitstreams, the frame can be decoded by itself.
Thus, in the above example, frame 14 will be decoded from the
FB directly since it is an I-frame. Then, the next frame to be
decoded is frame 8. Since the requested frame is a P-frame in
both bitstreams, , , and are computed to
determine whether the current displayed frame (frame 14 of the
FB), the nearest I-frame in the FB (again, frame 14 of the FB)
or the nearest I-frame in the RB (frame 7 of the RB) is selected
to initiate the decoding of the requested frames. In this example,
, , and are equal to 6, 6, and 2 respec-
tively. Note that and are equal since the current
displayed frame and the nearest I-frame in the FB are the same
in this example. Fig. 1 also shows the actual frames required to
be sent using different costs in details. Hence, frame 8 will be
decoded from frame 7 of the RB (an I-frame) since has
the least cost. It implies that frame 7 of the RB (an I-frame) is
used as an approximation of frame 7 of the FB (a P-frame) to
reconstruct frame 8 of the FB, as depicted in Fig. 1. This I-to-P
approximation would cause the problem of reference mismatch
in the reconstructed frame. It further causes drift when the ap-
proximated frames are used as the reference frames to predict
the following P-frames and this will last until the next I-frame.
However, the subjective degradation is not visually significant
due to the fast changes of the video content displayed [11].
III. SIMPLIFIED RB (SRB) IN THE DUAL-BITSTREAM SCHEME
Although the dual-bitstream scheme can provide an effective
way to support VCR operations for MPEG video, it requires ad-
ditional storage for the RB. A technique for reducing the storage
requirement of the RB is considered in this paper. The proposed
technique attempts to exploit redundancy in some MBs found
between the two bitstreams. The situation in MB level of the
dual-bitstreams is depicted in Fig. 2. In the server, and
represent the MBs at the row and column of
frame in the FB and RB respectively.
To reduce the temporal redundancy in coding video sources,
block motion-compensated prediction is used in which the pre-
viously transmitted and decoded frame serves as the prediction
for the current frame. The difference between the prediction and
the actual current frame is then the prediction error. The predic-
tion errors in the FB, , and the RB, , are given by
(1)
and
(2)
where stands for the motion-compen-
sated MB of which is translated by the motion vector
in frame of the FB and
represents the motion-compensated MB of with the
displacement of the motion vector in frame of the
RB. Note that, in contrast to the FB, frame is predicted
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Fig. 1. The dual-bitstream scheme: fast-backward operation with a speed-up ratio of 6.
Fig. 2. MB views of the proposed dual-bitstream and the definition of the SMB
and non-SMB.
from frame in the RB since this bitstream is generated by en-
coding the video frames in reverse order. All the prediction er-
rors are transformed in the discrete cosine transform (DCT) do-
main. The DCT coefficients are then quantized, variable-length
encoded and stored in the server.
In a video sequence, decoded frames at the same time instant
in the FB and RB are perceptually similar to each other. They
actually represent the same contents and have similar color, tex-
ture, and objects, but the only difference is the coding directions,
as described in (1) and (2). This means that if the RB is encoded
completely as a separate bitstream from the FB, a considerable
amount of redundancy exists. To generate the RB in the pro-
posed dual-bitstream scheme, the strategy is to reuse the MB
data as much as possible in the FB. To do this, a special mea-
sure is taken to encode some MBs in the RB which can utilize
the MB data in the FB. In the proposed technique, all coefficients
of these MBs are not necessary to be encoded and they are de-
fined as skipped MBs (SMBs) in the RB. is defined
as a SMB if the MB in frame of the FB, , is coded
without motion compensation (non-MC MB). Otherwise, it is
defined as a non-SMB. For illustration, we use the example in
Fig. 2 again to give a clear account of the definition of the SMB.
In this figure, since the motion vector of , , is
zero, it means that is a non-MC MB and is
classified as a SMB. On the other hand, since is coded
with motion compensation (MC MB), is classified
as a non-SMB.
When in the RB is found to be a SMB, its
corresponding MB in frame of the FB, , is coded
without motion compensation. It means that the spatial position
of in the FB is the same as that of . Hence,
for this specific case, is equal to
, and (1) can be rewritten as
(3)
In order to reuse the MB data as much as possible in the FB
for encoding in the RB, its motion vector is enforced
to zero as well, i.e., . Such arrangement is to
ensure is equal to such that
(2) becomes
(4)
As discussed before, the reconstructed pixels of frame in
the FB and RB are perceptually similar to each other since they
encode the same video content. The only discrepancy is that they
use different reference frames in opposite directions. Because
of this, pixels of and are similar and it is
reasonable to approximate by during various
VCR operations. That is,
(5)
Similarly,
(6)
By putting (5) and (6) into (4), it can be rewritten as
(7)
From (3) and (7), we get
(8)
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TABLE I
PERCENTAGE OF SMB FOR VARIOUS SEQUENCES
By applying the DCT to (8) and considering that the DCT is
an odd transform, we can obtain in the DCT domain as
indicated below,
(9)
Then the quantized DCT coefficients of are computed
as
(10)
is the quantized DCT coefficients to be en-
coded in the RB. However, is already available
in the FB. From (10), can be extracted di-
rectly from the FB by simply inverting the signs of all quantized
DCT coefficients in . Therefore, the server can
store the simplified RB (SRB) instead of the RB. The SRB is
the one that video data about the SMBs are not encoded and the
quantized DCT coefficients are taken from the FB during VCR
operations. In other words, the data in these MBs are shared
among the FB and SRB. Therefore, the storage requirement of
the SRB can be reduced remarkably.
For a real world image sequence, the block motion field is
usually gentle, smooth, and varies slowly. As a consequence,
the distribution of motion vector is center-biased [12], as
demonstrated by some typical examples as shown in Table I
which shows the percentage of SMB for various sequences,
including “Claire”, “Grandma”, “Salesman”, “Carphone”,
“Foreman”, “Table Tennis” and “Football”. These sequences
have been selected to emphasize different amount of motion
activities. The percentage of SMB is calculated according to
the following equation.
(11)
In Table I, it is clear that over 90% and 39% of the MBs are
SMB for sequences containing a low and high amount of motion
activities respectively. The more SMBs in the SRB, the more
bits can be saved.
IV. ARCHITECTURE OF VIDEO STEAMING SERVER WITH THE
SUPPORT OF SRB
The above section only addresses how to eliminate the re-
dundancy between the dual bitstreams. When a VCR operation
requests a particular frame from the SRB, the server adopts a
MB-selection strategy which needs to extract the appropriate
MBs from the FB in order to insert the shared data into the
SRB prior to transmission. Fig. 3 shows the proposed archi-
tecture of a video streaming server. When a frame from the
SRB is requested, the appropriate motion vectors are extracted
by the motion vector extractor from the FB. Based on the mo-
tion vectors, the MB classifier arranges the MBs from the SRB
Fig. 3. The proposed architecture for the dual-bitstream video streaming
scheme with VCR functionality.
into two types: a non-SMB and a SMB. The server does not
need to do anything for non-SMBs in the SRB, and switch
is connected to position B. For a SMB, the server uses only
the data from the FB to reconstruct the requested MB in the
SRB by switching to position A. In each SMB, the corre-
sponding VLC codewords are extracted from the corresponding
MB in the FB. Afterwards, these VLC codewords are undergone
VLC decoding to reconstruct the quantized DCT coefficients.
From (10), the signs of all these quantized DCT coefficients
are inverted to form the desired coefficients through the sign
inverter, as shown in Fig. 3. The sign inverted coefficients are
then encoded to its final VLC codewords for the SMB. The bit-
stream re-generator integrates these new VLC codewords with
the non-SMBs in the SRB before transmitting to the network.
Note that the server only needs to perform variable length de-
coding and encoding, and a complete decoding and encoding
are not required at the server. It only causes a slightly increase
in the server complexity.
V. EXPERIMENTAL RESULTS
Many experiments have been conducted to evaluate the
performance of the proposed SRB when applied to the dual-bit-
stream streaming system with VCR support. An MPEG-4
encoder [13] was employed to encode various video sequences
with different spatial resolutions and motion characteristics.
“Foreman”, “Carphone”, “Claire”, and “Grandma” are typical
videophone sequences in QCIF (176 144 pixels) format.
“Salesman”, “Football”, and “Table Tennis” are in either CIF
(352 288 pixels) format or SIF (352 240 pixels) format.
All sequences were encoded at two different bit rates. Each
test sequence was encoded into two bitstreams, the FB and the
SRB (or RB), and I-frames in the SRB (or RB) are interleaved
between I-frames in the FB. The SRB (or RB) can be obtained
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TABLE II
AVERAGE PSNR AND BITSTREAM SIZE FOR VARIOUS SEQUENCES
Fig. 4. PSNR performances by using the original RB and the SRB in the fast-
backward mode with a speed-up factor of 8 for the (a) “Salesman” and (b) “Car-
phone” sequences.
by re-encoding the FB in reverse order. Note that the generation
of the SRB (or RB) is done offline. For all test sequences, the
frame-rate of the video stream was 30 frames/s and the GOP
length was 14 with an I-P structure.
In Table II, we show the bitstream size and the average PSNR
value for each test sequence that was encoded into the RB and
SRB at two different bit rates. In this table, and
represent a PSNR change and percentage change in the bit-
stream of the SRB when compared to the original RB. A posi-
tive value means an increment whereas a negative value means
a decrement. It can easily be seen that the required storage in the
server of the proposed SRB is much fewer than that of the orig-
inal RB in both bit rates. The results are more significant for the
sequences “Salesman”, “Claire”, and “Grandma” as shown in
TABLE III
AVERAGE PSNR OF ALL POSSIBLE REQUESTED FRAMES WITH RESPECT TO
ALL STARTING POINT FOR VARIOUS SEQUENCES
Table II. In these sequences, the size of the SRB can be reduced
by 40–48% and 28–40% as compared to the original RB at high
bit rate and low bit rate, respectively. It is due to the reason that
these sequences contain more SMBs in which the redundancy to
be exploited between the two bitstreams becomes more signif-
icant. For sequences containing high motion activities such as
“Football”, “Table Tennis”, “Foreman”, and “Carphone”, there
are still good savings, as tabulated in Table II. Besides, this table
signifies that the size of the SRB can be reduced more remark-
ably for sequences encoded at high bit rate. The reason behind
is that, at low bit rate, a considerable percentage of DCT blocks
has a significant amount of zero elements in MBs of the original
RB. In these MBs, the encoder allocates fewer bits to encode the
residuals. If those MBs are considered as SMBs in the proposed
SRB, it cannot achieve as much saving of bits as the case in
video sequences encoded at high bit rate.
The average PSNR values of the RB and SRB are also
shown in Table II. They show that the average PSNR values
will slightly degraded by about 0.067 dB to 0.449 dB for the
SRB. The degradation is due to the approximation in (5) and
(6). In fact, this small degradation reflects the quality of the
reconstructed frames during backward playback. In other VCR
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TABLE IV
AVERAGE PSNR AND BITSTREAM SIZE FOR VARIOUS SEQUENCES WITH AN IBBP STRUCTURE
Fig. 5. The prediction structure of SRB with B-frames.
operations, the quality degradation is also negligible as shown
in Fig. 4. It illustrates that the PSNR comparison for decoding
the requested frames by using the RB and SRB when the fast
backward operation with a speed-up factor of 8 is issued at the
end of the sequences. In this figure, the “Salesman” and “Car-
phone” sequences were encoded at 1.5 Mbits/s and 64 Kbits/s,
respectively. When the server performs bitstream switching by
using the proposed SRB, there is a slight PSNR drop in some
requested frames. However, this negligible degradation is not
visually significant in the fast backward modes since the fast
display speed will mask out most of the spatial distortion. Note
that the transcoding scheme based on [6] is also shown in Fig. 4
for a comparison. Although this scheme does not need to store
an extra bitstream in the server, the re-encoding process results
in serious drop in PSNR, as depicted in Fig. 4. Besides, the
re-encoding process induces heavy computational requirement
in the server. We have also done exhaustive simulation on the
PSNR performances of all possible combinations of requested
frames and start frames (the frame in which a user issues a
VCR operation). Table III lists out the average PSNR values
of these possible combinations when the sequences are coded
at high bit rate and low bit rate. In fact, these values indicate
the average PSNR performance of the random access mode
for using the RB and SRB. Random access is an important
operation for providing VCR capability in a video browsing
system. From the statistics as shown in Table III, it can easily
be seen that the proposed SRB in the dual-bitstream scheme
can achieve almost the same quality as compared to the scheme
using the RB during random access. Therefore, the SRB can
reduce the storage requirement significantly as well as keeping
the reconstruction quality of various VCR browsing operations.
In addition, we have also simulated the performance of
the proposed SRB with the structure “IBBPBBPBBP ” as
the GOP. To further reduce the redundancy between the SRB
and the FB, one straightforward approach is to exploit the
symmetry of the B-frame prediction process adopted in the
MPEG bitstream. In the FB as shown in Fig. 5, each B-frame
is predicted from two reference frames (the immediately pre-
ceding I- or P-frame and the immediately succeeding I- or
P-frame) using the backward and forward motion vectors. The
coding structure of the SRB is basically to reverse the order of
the frames, and this will result in a swapping of the backward
and forward reference frames from the FB. Therefore, the SRB
can re-use the B-frames in the FB by simply swapping its
backward and forward motion vectors, as depicted in Fig. 5. In
other words, when accessing a B-frame in the SRB, the server
only needs to VLC decode the B-frame in the FB, to swap the
backward and forward motion vectors, and to VLC re-encode
the B-frame. The processed data are then combined into the
SRB. This enhanced SRB provides a further saving as shown
in Table IV, in which two B-frames are added between two
anchor I-/P-frames. This further demonstrates the effect of the
proposed SRB when the bitstream contains B-frames.
VI. CONCLUSIONS
In this paper, an efficient technique for reducing storage re-
quirement of a server has been proposed to eliminate the pos-
sible redundancy between the dual bitstreams. The proposed
technique exploits a large amount of non-MC MBs existed in
real-world video sequences. With the motion information, the
video streaming server classifies some MBs as skipped MBs
(SMBs). A SMB is the one that the information about the MB
is not necessary to be stored in the server and it is taken directly
from the FB. By sharing the data between the dual bitstreams,
a new and simplified RB (SRB) is used instead of the RB in the
dual-bitstream scheme. Simulation results show that, with our
proposed SRB, the dual-bitstream scheme reduces the storage
requirement of the server with just a slight drop in PSNR for
various VCR operations. The PSNR drop is due to a mismatch
between MBs in the FB and the SRB. The subjective degrada-
tion observed is relatively insensitive to human eyes because the
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VCR operation always lasts for a few frames or the fast display
speed could mask out most of the distortions. However, in some
professional applications such as studio editing, it may still be
desirable to reduce the mismatch. One of our future works could
focus on techniques to reduce the mismatch. For instance, the
SMBs are now not encoded and the quantized DCT coefficients
are directly taken from the FB during VCR operations. Hence
a possible future investigation is to find an efficient way to add
drift-compensated data in SMBs, the approach of which could
be based upon the decoded MBs from the forward and backward
bitstreams.
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